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THE ROLE OF FEEDBACK IN ADAPTIVE

PERCEPTUAL PROCESSES (
{ B

By .

Ronald A. Kinchla*
and .
Richard C. Atkinson

This paper deals with some factors which influence an observer g
when he attempts to identify partially discriminable stimuli. A _ ‘
common discrimination task is one in which the observer attémpts to
identify which of two stimuli is presented on each of a series of
trials. The stimulil are partially discrimindgble if the difference
between them is so small, or degenerated by noise, that there is only
a partial correlation between theStimulus and response sequences
We shall ccnsider the manner in which an observer's performance is
influenced by certain stimulus-presentation.schedules and the amount
of Information feedback he is given concerning the correctness of
his responses.

N

In the present experiment each obse;ver attempted to discriminate
(detect) whether or not a 100 msec. 1000 cps. tone wes, or was not
added to a constant background of band limited Gaussian noisd. The
tone stimulus will be denoted by Sl and the no-tone stimulus as Si. !
The correct response for each stimulus will be denoted by A; and 52 !
respectively.

The otserver's performance can be swumarized by estimates of two
probebilities: Pp(A7]/S1) and Pr(A7|Sp). Both of these probsbilities
have been shown o be positively correlated with P (Sl) under sinmple
stimulus presentation schedules in which Pr(Sl) is the same on all
trials. This schedule effect has been attributed to the observer's
tendency (response bias) to resolve stimulus ambiguity by meking en
Aj response. The subject is viewed as matching his response bias to
what might be termed his "subjective estimate” of Pp(Sy).

Microfiche (MF)

A simple threshold model is outlined in Fig. 1. Performance is
represented by the stimulus-response transition matrix P, in which
Py = Pn(A1]87) end pp = Pr(A1l8p). This matrix is defined as the
product of two theoretical processes: an activation process relating
the external stimulus events to hypothetical sensory states (Do,Dl,
and Dp), and a2 decision process relating these sensory states to overt !
responses. Activation is defined by the stochastic matrix A and deEisidn
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by the stochastic matrix D. Thus, P is simply the matrix product AD.
The single parameter in A, ¢, represents the cbserver's sensitivity,
since it determines the smount of information gbout the stimulus
variable contained in the sensory variable. The single parameter

in D, g, represents the response bias, since it is the probability
of an Al response given the ambiguous sensory state Do' This state
is ambiguous because it may be induced by either 81 or Sp. Notice
that estimates of both theoretical parameters, ¢ and g, may be
obtained directly from py and po. '

.1.

Theories have been developed in which the response bias, g, is !
modified by the stimulus presented on each trial: S, stimuli increase ;
g and S, stimuli decrease g. Thus, the average value of g tends to
approach Pr(sl) as an asymptote. An obvious question relztive to
models of this sort is the importance of telling the subject whether
or not each response was correct; i.e., providing feedback.

To investigate the influence of feedback, we ran subjects 500
trials a day for 24k days on the simple detection task described
earlier. Only on alternate days did the subjects receive information
feedback concerning the correctness of each response. In addition,
and unknown 4o the subjects, we used stimulus presentation schedules
which made a subject's kncwledge of the stimulus presented on one
trial highly relevant to his estimate of Pr(sl) on the next trial.
Eighteen subjects were run under a schedule where the stimuli on
adjacent trials were identical 75 percent of the time. Six subjects
were run on a schedule in which the stimuli were repeated only 25
percent of the time. Thus, under one schedule Pr(Si,ani,n-l) = 3/L
and on the other schedule Pn(Si p|Si n-1) = 1/4, where Si,n denotes
the stirulus on trial n (i=1,2). _

In Fig. 2 we have presented the average performance of the
subjects in each group. The four data points on each graph were
obtained by partitioning the data in terms of the immediately i
preceeding trial. For example, the open circle on each graph
indicates the value of Py and p, based on all the trials which were P
preceeded by a trial with an So stimulus and an Ay response.

There are two important features of these results. TFirst, the
stbjects clearly learned to modify their performances in a manner
consistent with the first order conditional presentation schedule-
both p, and p, were higher following Sq trials on the high repea”
schedu}e and lower following Sl on the low repeat (high alternat”
schedule. Second, with feedback the performance shifts were basc
primarily on the stimulus (or feedback) on the previocus trial.
no feedback, the response occurring on the previous trizl was th
most important factor. The magnitude of the sequential effects -
appears to be attentuated without feedback.
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response bias shown in Tsble 1.
same partitioning of the data as the points in Fig. 2.
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The seme effects are evident in the contingent estimates of
These estimates are based on the
It is clear

that the resporse bias shifts are consistent with the particular
stimulus schedule.
by the stirulus (or feedback) events when feedback is supplied.
When no feedback occurs, the subject appears to base his bias
primarily on what he "thought he heard" (what he reported) on the
previous trial, rather than what was actually presented.

Also, the bias shifts are controlled primarily

Teble 1: CONDITIONAL ESTIMATES O FESPONSE BIAS)

Previous Pr(si,nlsi,n-l) = 1/k Pr(si,nlsi,n-l) = 3/h
Trial ﬁ
Feedback No Feedback Feedback No Feedback
S1A; .191 212 564 480
SqAs 270 A5k 439 339
Splq .633 .225 .323 Jh31
Sohs .T61 59 .298 .502

A Mann-Whitney U test on the individual subject data was sufficient
to demonstrate better than .0l significance for the first order stimulus
effects with feedback, and the first order response effects with no
feedback. Evaluvation of the possible stimulus and response effects is
beyond the scope of the present paper. It should be pointed out, however,
that such differences could arise purely from our partitioning procedure,
since trials following an SlA1 would tend to have a higher bias value
than trials following an S1A2.

In conclusion, the chief implications of this study are: one,
subjects learn to utilize higher order statistical properties of the
stimulus presentation schedule_in their performance; and “wo, with no
feedback, the sequential effects appear to be attenuated z2nd based
primarily on the proceeding response, rather than the proceeling stimulus
as was the case with feedback.
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Figure 1.
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